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Viscum coloratum (KOM.) NAKAI (V. coloratum) is a perennial evergreen, semi-parasitic plant which grows on branches or stems of deciduous trees. It is known as Hujisheng in Chinese. 1) V. coloratum is an important medicinal herb which has been used in various treatments such as cardiovascular diseases, cancer, hepatitis and hemorrhage. 2, 3) It was the main ingredient in many formulae such as hujisheng injection, Huqi San, Hanbixiao keli etc. [4] [5] [6] V. coloratum has been attracting more and more attention for its therapeutic effects. However, Traditional Chinese medicine is a complex system. An herbal medicine may consist of hundreds of constituents, and their contents vary depending on climate, regions of cultivation and seasons of harvest, which make it difficult to ensure the batch-to-batch uniformity.
7) The quality control of standardized herbal extracts is essential for the therapeutic reproducibility, efficacy and safe application of extracts. Meanwhile, as a semi-parasitic plant, it is widely appreciated that the constituents of V. coloratum are not stable and depend not only on the biosynthesis pathway but also on the type of host plant. Therefore, host plant also is an influencing factor in the quality control of standardized herb extracts. But the ancient medical textbooks and Chinese pharmacopoeias do not give details of the host of V. coloratum. Luczkiewicz et al. have reported an HPLC method for comparative analysis of phenolic acids in Viscum album L. from various hosts. 8) They found that comparative chromatography revealed qualitative differences in the investigated compounds between the various plant materials. So in this paper we aim to control quality of V. coloratum through analyzing V. coloratum-host-source interactions.
The constituents of V. coloratum include flavonoids, alkaloids, triterpenoids, lignans, diarylheptanoids and essential oils. 2, 9, 10) V. coloratum is used in treatments of cardiovascular disease that is linked to the presence of flavonoids. 12) anti-inflammatory, 13) antioxidant, 14) anti-tumor 15) and anti-fungal activity.
,4Ј-trihydroxy-3,3Ј-dimethoxyflavone (Tddf) and pachypodol (Pach) are six favonols with the same effects. [17] [18] [19] [20] Due to the importance of flavonoids, it could be considered as the 'marked compound' for the chemical evaluation or standardization of V. coloratum. To date, only a few studies of the quantitative determination of the flavonoids of V. coloratum using HPLC have been reported. [21] [22] [23] However, the constituents in V. coloratum are complex, and some of them usually in very low concentrations. Therefore, a more sensitive, selective method is required and the emergence of HPLC-MS makes this possible. It not only provides detailed structural information but also allows accurate and sensitive quantification of the multiple compounds present. For example, an HPLC-DAD-MS n was developed for study of chemical and metabolic information of flavonoid extract of jujube seeds. This is of great importance in understanding the molecular mechanism of action and clinical effects of flavonoid extract of jujube seeds and facilitating further quantitative studies as well. 24) In the present study, we aimed to develop and validate a sensitive and accurate HPLC-MS method for simultaneous determination of 10 flavonoids in V. coloratum, including Hedt-I (1), Hedt-II (2) Hedt-III (3), Hedt-IV (4), Rham-I (5), Rham-II (6), Isor (7), Httf (8), Tddf (9) and Pach (10) . Their structures are listed in Table 1 . During the method development, selective ion monitoring (SIM) was employed and an electrospray ionization source was operated in negative mode. V. coloratum growing on different host species and in different sources were determined using the developed method. A one-way analysis of variance was applied to evaluate V. coloratum-host-source interactions.
Experimental
Reagents and Standards Methanol was of HPLC grade (Fisher, U.S.A.). All other reagents were of analytical grade (Concord Tech Reagent Company, Tianjin, China). Deionized water was used throughout the study. The reference standards were isolated and purified in the laboratory from V. coloratum. The 10 flavonoids, Hedt-I, Hedt-II, Hedt-III, Hedt-IV, Rham-I, Rham-II, Isor, Httf, Tddf and Pach, were fully characterized using UV, NMR, MS, and the data compared with literature values. 19, [25] [26] [27] [28] [29] [30] The purities of standards are listed in Table 1 Apparatus and Operating Conditions The HPLC system consisted of a DGU-14 AM degasser, two Shimadzu 10ADvp Pumps, a high pressure mixer and a Shimadzu 10ATvp Autoinjector (Shimadzu, Kyoto, Japan). A Shimadzu 2010 liquid chromatograph-mass spectrometer (Shimadzu, Kyoto, Japan) equipped with an electrospray ionization (ESI) interface, and a Q-array-Octapole-Quadrupole mass analyzer (QoQ system) were used in the study.
Chromatographic separation of the extracts was performed on an ODS column (Synergi, 250 mmϫ4.6 mm i.d., particle size 4 mm, Phenomenex, U.S.A.), equipped with an ODS guard column (Security Guard, Phenomenex, U.S.A.). The mobile phase was 0.1% formic acid (A) and methanol (B). The gradient elution was: 0-20 min, a linear gradient of 40-52% B; 20-40 min, a linear gradient of 52-80% B, 40-45 min, 80% B; and then re-equilibrating the column with 40% B for 5 min. The flow-rate was 0.8 ml/min (split ratio 1 : 3) and the column temperature was 30°C.
Mass spectrometric conditions were optimized to obtain maximum sensitivity. The extracts were ionized in the negative ESI interface of the mass spectrometer. Mass spectra were obtained at a dwell time of 0.2 s in SIM mode and 1 s in scan mode. The curve dissolution line (CDL) voltage was fixed at 10.0 kV, the interface temperature was 400°C, the CDL temperature was 200°C, the heat block temperature was 200°C, the detector voltage was 1.75 kV and the nebulizing gas flow rate was 2.5 l/min. The flavonoids were monitored at m/z 301, 463, 595, 727, 491, 635, 477, 551, 329 and 343 for Hedt-I, Hedt-II, Hedt-III, Hedt-IV, Rham-I, Rham-II, Isor, Httf, Tddf and Pach, respectively. Data collection, peak integration, and calculations were performed using LC-MS Solution Version 3.0 software.
Preparation of Standard Solutions Stock solutions of Hedt-I (0.745 mg/ml), Hedt-II (0.460 mg/ml), Hedt-III (1.000 mg/ml), Hedt-IV (2.088 mg/ ml), Rham-I (0.320 mg/ml), Rham-II (1.435 mg/ml), Isor (0.930 mg/ml), Httf (0.335 mg/ml), Tddf (0.540 mg/ml) and Pach (0.220 mg/ml) were prepared in methanol. Working standard solutions for calibration were prepared by diluting the stock solution with appropriate quantities of methanol. All working solutions were stored at 4°C and brought to room temperature before use.
Preparation of Sample Solutions V. coloratum samples were powdered in an electric blender and then passed through a #4 mesh sieve. The powder was accurately weighed (1.00 g) in a round-bottom flask and 25 ml 50% (v/v) methanol was added. The flask was then weighed accurately and heated in a water bath for 30 min. The flask was then cooled and 50% methanol was added in order to compensate for the solvent loss. The extract was transferred to a centrifuge tube and centrifuged at 10000 rpm for 5 min. The supernatant was then passed through a membrane filter (0.22 mm) prior to injection. Results and Discussion Optimization of LC-MS Conditions Since Pach has a low polarity compared with the other flavonoids, a different mobile phase with a different gradient elution of methanol-water or acetonitrile-water was tested. The results indicated that a mobile phase consisting of 0.1% aqueous formic acid-methanol with gradient elution provided high resolution for all the components in V. coloratum samples. The total ion current (TIC) chromatogram in negative ionization mode of a V. coloratum sample is shown in Fig. 1 .
The 10 flavonoids were analyzed by MS in ESI negative ion mode without any problems. Full scan negative ion mass spectra (Fig. 2) Ϫ at m/z 551 was monitored for Httf. Typical SIM chromatograms of the 10 flavonoids in V. coloratum extracts had well-formed and fully separated peaks (Fig. 2) . The compounds were identified by comparing their retention times and mass spectra with those of the pure isolated compounds.
Extraction Procedure Reflux and ultrasonication (all with methanol as extractants) were used to extract the marker constituents in V. coloratum and all the procedures were repeated twice. The results indicated that the extraction yield from reflux was markedly higher than from ultrasonication. Therefore, in this study, we used reflux extraction for the 10 flavonoids.
In order to obtain optimal extraction efficiency, different extraction solvents (10%, 30%, 50%, 70%, 100% methanol aqueous solutions (v/v) and extraction times (10, 30, 60, 120 min) were tried. The results showed that the solvent containing 50% methanol had better extraction efficiency and produced fewer background peaks. In addition, the 10 flavonoids could be completely extracted within 30 min. Method Validation. Calibration Curves, Limits of Quantification and Matrix Effects Standard stock solutions were prepared as described in 'Preparation of Standard Solutions' and diluted to appropriate concentrations to establish the calibration curves. At least seven different concentrations were used, and the calibration curves were then constructed by plotting the peak area versus the concentration of each analyte. The calculated results are given in Table 2 . The correlation coefficients were all greater than 0.999 except for Rham-II and Pach, indicating a high degree of linearity.
The limit of quantification (LOQ) was calculated as the amount of the injected analyte which gave a signal-to-noise ratio of 10. The LOQ values of the method for the 10 flavonoids are also listed in Table 2 .
To evaluate the matrix effect, a sample of V. coloratum (No. 14) was extracted as described in 'Preparation of Sample Solutions' and 1 ml of this solution was spiked with 1 ml of a standard mixture solution with a known concentration, while another 1 ml of sample solution was diluted to 2 ml with 50% methanol. The standard solution was also diluted with an equal volume of 50% methanol and analyzed. The corresponding peak areas of the analytes in the standard spiked sample solutions (A) minus those in sample solutions (B) were then compared with those of the standard solutions (C). The ratio [(AϪB)/Cϫ100%] was defined as the matrix effect. The matrix effects of 10 flavonoids were ranged from 97.6 to 104.4% (Table 2) , and these indicated that there were no significant matrix effects. Precision Intra-day precision was examined by analyzing the standard solution within one day, and inter-day precision was determined on three independent days. The relative standard deviation (R.S.D.) was calculated as a measurement of method precision. The intra-day and inter-day precisions of the determination of the 10 flavonoids were not more than 4.6% and 4.3%. The results are shown in Table 3 .
Recoveries The recoveries of the 10 flavonoids were determined by the standard addition method. Three concentrations (low, medium, high) of the mixed standard solutions were spiked with known amounts of V. coloratum sample (No. 14). Then, the resultant samples were extracted and analyzed by the proposed method and triplicate experiments were carried out at each level. The total detected amounts (AЈ) minus the original amounts (BЈ) were then compared with the added amounts (CЈ). The ratio [(AЈϪBЈ)/CЈϫ100%] was defined as the recovery. As shown in Table 4 , the recoveries of the 10 flavonoids ranged from 93.4 to 103.9%, with an R.S.D. of no more than 4.7%. Considering the results of the recovery test, the method was considered to be accurate.
Repeatability and Stability Six individual samples from the same batch (No. 14) were extracted and analyzed by the proposed method. The R.S.D. value was calculated as a measurement of method repeatability. The R.S.D. values of the 10 compounds in these samples were not more than 5.1%, which showed the high repeatability of the method. Stability was tested with a standard solution and a sample so- 1326 Vol. 59, No. 11 lution that were stored at room temperature and analyzed every 12 h over 3 d, and the analytes were found to be stable over 72 h (R.S.D. Ͻ5%). Sample Assay The optimized chromatographic method was used to determinate the 10 flavonoids in V. coloratum. In  Fig. 2 , the peaks of the 10 flavonoids showed that the separations were good. The contents of the 10 flavonoids in V. coloratum samples growing on different host species and at different sources are summarized in Table 5 . The predominant compounds in all examined samples were Hedt-III and Hedt-IV, which ranged from 6.252 to 0.089 mg/g and from 4.670 to 0.018 mg/g, respectively. These results correspond to the pharmacological investigation of Shanghai mistletoe Group. 4) They found that the dihydroflavones contribute in cardiovascular diseases treatment. Wang et al. have reported an HPLC method for the simultaneous determination of 4 flavonoids (Hedt-I, Tddf, Pach and ombuine) in V. coloratum. 21) However, the detectable contents were low in comparison with our results. The discrepancy could be a result of the complex extraction method as to cause the loss of flavonoids.
In order to evaluate V. coloratum-host-source interactions, one-way analysis of variance was performed on the A group (Table 6) showed that there was no significant difference among samples, while in the B group (Table 7) , 3 of the 10 individual flavonoids level varied significantly at pՅ0.05. Therefore, compared with the host species, the sample source has a significant impact on the sample content. In short, the host species was not the main factor in affecting the quality of V. coloratum. The reason for this may be that V. coloratum is semi-parasitic plant and can photosynthesizes itself. V. coloratum only acquires mineral nutrition and water from their host through a root connection. This could explain why the ancient medical textbooks and Chinese pharmacopoeias do not give details of the host of V. coloratum. As far as flavonoids are concerned, we proposed that V. coloratum could be used directly as a medicine without knowledge of the host species. The content of Httf was too low to allow statistical analysis. The content of Httf was too low to allow statistical analysis.
Conclusion
A novel sensitive and selective HPLC-MS method was developed and validated to simultaneously determine 10 flavonoids from V. coloratum grown on different host species and different sources. A one-way analysis of variance was used to evaluate V. coloratum-host-source interactions. In accounting the contents of flavonoids, the source of V. coloratum could be a significant impact on the sample content. In contrast, the host did not play significant role on the chemical composition. Here, we proposed that V. coloratum could be used directly as a medicine without knowledge of the host species.
